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friction experiments [4] . Many questions related to the use of the microscope remain unsolved, especially those conceming the theoretical resolution, the possibility of imaging defects in a periodic structure... Answering these questions is complicated by uncertainties related to the tip shape: while, in the scanning tunneling microscope, few atoms are involved in the electron tunneling, a larger number of atoms takes part in the tip-substrate interactions in an AFM; at long distances, this happens because of the long range nature of the van der Waals forces; at short distances, several microtips may simultaneously be in contact with the surface and thus experience the vertical force or the lateral friction. Despite the lack of information on the tip shape, during the last years, improvements in the force measurement in the whole tip-surface distance range have been made [5] , which brings very precious information on all the forces at work: van der Waals, electrostatic, covalent or short range. This allows in particular to check the validity of the so-called universal models which predict a simple distance dependence of the interactions in adsorption, adhesion and cohesion processes [6, 7] . This should also bring information on the physics of insulating surfaces which is not as well-established as for the case of metals or semiconductors.
From a theoretical point of view, various types of AFM modelizations have been performed. Some make use of classical approaches, relying upon an estimation of two-body or three-body interactions: they include calculations of the van der Waals forces [8, 9] , relevant for images recorded in the attractive mode, and force field methods fitted to ab initio calculations [10] ; they also include molecular dynamic simulations making use of effective interactions derived from the embedded atom method [11] . Quantum approaches, which account for the bond formation between the tip and the surface at short distances have also been performed, by various methods: LDA, Hartree-Fock or semi-empirical methods [12] [13] [14] [15] [16] . The use of these methods is limited by two kinds of difficulties: 1) due to the large computing times and memories required, only a small number of atoms can be modelled: one generally overcomes this limitation by using a supercell geometry, but, as a consequence, spurious lateral interactions between neighbouring cells are produced; in addition, in most ab initio calculations, tips are made of very few atoms; 2) at small distances and especially in the repulsive mode, the tip and substrate atoms are submitted to substantial forces which displace them from their equilibrium positions, a process which has to be taken into account in order to obtain reliable tip-surface interaction strengths; while it is true that efficient optimization geometry codes associated with quantum electronic structure calculations are now available, they are nevertheless very time consuming and to our knowledge have scarcely been applied to AFM modelizations [12, 16] . The tip and surface distortions are generally taken into account by atomistic approaches [15, 17] or by the continuum elasticity theory [18] . We have not yet been able to take into account atomic displacements in the present work, although we did it in the case of clean oxide surfaces, on which we have studied the mechanisms of relaxation and rumpling [19] . We present here a study in which the first difficulty is solved: by using an embedded cluster geometry which does not require to periodically reproduce the tip and the surface, and thanks to a self-consistent semi-empirical quantum approach, we We have performed a calculation of the interaction energy between a cluster (the tip) and an embedded cluster (the substrate), with an assumed rigid geometry deduced from the bulk structure. The calculation includes electrostatic, covalent, van der Waals and short range repulsion terms in the following way: the electrostatic and quantum terms are calculated thanks to a self-consistent quantum method, working at the Hartree-Fock level for the valence electrons; the eigenstates are expanded on an atomic orbital basis set assumed to be othonormal (CNDO approximation); the details of the method have been given elsewhere [20] . The [23] . 3 . Images of a planar surface.
We first consider a planar MgO surface interacting with an MgO tip: this latter will be called a sharp 0 (respectively Mg) tip when the cube is placed over the surface with its ternary [111] axis vertical and an oxygen (resp. Mg) atom at the apex, or it will be called a cube 0 (0 = 0 or 0 = 45) when a planar face is parallel to the surface with a rotation angle of 0 with respect to the surface lattice; in the following, the lateral position of the tip is given by the lateral position of the cube center, and its vertical position with respect to the surface by the elevation of its lower atom(s). (Fig. lb) to be compared to two Mg-O bonds on-top a surface atom (Fig. lc) ; the cube 0 located over a surface atom allows eight O-Mg bonds to be formed (Fig. ld) [24] and also in agreement with our study of hydroxyl group adsorption on oxide surfaces [25] . It [26] and in the modelization of diamond/graphite AFM images [27] ;
. the interaction strength depends upon the tip size: this is easily understood for van der Waals interactions; it tums out to be also true for short range forces which depend upon the contact area. [15] . In the following section in which we discuss surface topography, whenever such situation occurs, we will choose the highest elevation in the attractive mode and the lowest one in the repulsive mode.
INTERACTION ENERGY AS
. the second question is related to the applicability of universal models of adhesion to insulating systems [6, 7] . The universal behaviour was checked by the authors for the adsorption on a metallic surface, thanks to ab initio calculations and later justified by analytical arguments in the case of transition metals [28] . It der Waals interactions, the O-Mg bond formation and the O-Mg electrostatic interaction; they may also result from electron redistributions as discussed above. The repulsive forces include the 0-0 bond formation, the 0-0 and Mg-Mg electrostatic repulsion and the short range repulsion between all species. This leads to very complicated behaviours, as examplified by Figure 2 , which are likely to exist in most cases where ionic materials are involved. Then, universal models are not expected to apply. A comparison between figures 4 and 5 reveals the importance of the tip shape on the images. These latter may be roughly interpreted as due to the convolution of the tip and defect shapes; the image obtained with a sharp tip displays an asymmetric shape, arising from the ternary symmetry of the tip. This was also true on the fiat surface, but in a much less pronounced way, because of the weakness of the interactions between the surface and the atoms not located at the tip apex. On the contrary, here, some of these atoms corne in direct contact with the surface protrusion and thus play a non-negligible role. The lateral sides of the roughness do not present a vertical but rather a trapezoidal shape due to the tetrahedral shape of the tip apex.
With the cube tip, on the other hand, the protrusion keeps its quadratic symmetry, and its cubic shape. Nevertheless its apparent lateral size is about twice larger than the actual one, along both directions. Its sides are steeper than when imaged by the sharp tip and its height is larger. The detailed shape of the four adsorbed atoms is sensitive to the tip rotation: the hollow site which appears here as a protrusion would be transformed into a well if the tip were rotated by 90 degrees. Despite some minor features, the overall image gives a good representation of the roughness because the short range repulsive forces prevail. The 
